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The formation of pyrazines in food cooking is required to obtain satisfactory “roasted” flavor. The aim of this work was to evaluate
the effect of a new red wine pomace seasoning (RWPS) on the formation of pyrazines in barbecued beef patties. Five pyrazines were
successfully identified, 2,5-dimethylpyrazine being the most abundant. Although 2-ethyl-5-methylpyrazine was in lower levels, it
presented the highest odor units, due to its low threshold. RWPS enhanced the formation of the five identified pyrazines (2.1 times),
without relevant changes in the proportion between them.The highest increase was observed for 2-ethyl-6-methylpyrazine (3 times
higher than in control). These results were corroborated by electronic nose analysis, presenting RWPS beef patties higher odor
intensities. Mechanisms to explain these effects are also proposed in the present work, and the high content of polyphenols seems
to be the major cause of the observed results. The use of RWPS could improve the flavor characteristics of meat products or enable
using less intense cooking conditions with no changes in the flavor.
1. Introduction
Pyrazines are a class of heterocyclic compounds with two
nitrogen atoms in para position with a major role in the
“roast” flavor of foods. In this sense, pyrazines present a large
impact on the flavor of cooked meat products, accounting
for up to 80% of total volatiles [1]. Currently, pyrazines are
included in the list of flavoring agents authorized by the
European Union and are incorporated by the food industry
to imitate meat flavors. Although some studies reported
certain mutagenic activity of pyrazines [2], the concentration
required is several orders of magnitudes higher than the
normal intakes in Europe [3].
The formation of pyrazines has been reported in frying
and roasting, but not in boiled meat products [4]. They
are usually present in those products elaborated at high
temperatures. Their odor threshold values are low and the
most common associated odor notes are roasted nuts, coffee,
and chocolate flavors (Table 1) [5–7]. Due to the fact that
the formation of pyrazines is required to achieve an optima
sensory quality of roasted meat products, different research
works have been conducted in order to ensure an adequate
formation of this type of compounds and to optimize their
final concentration [8, 9]. Many factors may affect the
formation of pyrazines, such as temperature and duration
of processing, pH, or water content [4], and then several
technological factors need to be taken into consideration
in order to achieve an adequate level of pyrazines [10, 11].
Furthermore, the ingredients ofmeat products have to be also
considered [4, 6, 12].
In relation to the ingredients used in the recipes of meat
products and according to previous studies, the presence
of natural phenolic compounds may inhibit or promote the
formation of pyrazines affecting quality of the final product
[13–15]. Contradictory effects were exerted by pure phenolics,
whereas gallic acid almost completely inhibited pyrazine
formation and ellagic acid showed strong promoting activity
[14]. Misnawi et al. [13] detected that the increase of polyphe-
nol levels limited the formation of pyrazines in roasting
process. The inhibition was different for each pyrazine, 2,3-
dimethylpyrazine being the most strongly affected. Authors
also observed that the presence of polyphenols reduced the
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Table 1: Pyrazines commonly found in meat products and their publisheda flavor characteristics.
Structure Flavors
2,5-Dimethylpyrazine
N
N
CH3
H3C
Chocolate, roasted nuts, roasted barley aroma,
chocolate taste, butter odor, fried potatoes.
2,6-Dimethylpyrazine
N
N CH3H3C
Roasted, coffee, nutty, peanuts, chocolate flavor, potato
aroma.
2,3-Dimethylpyrazine
N
N
H3C
H3C
Green nutty, caramel, potato, cocoa, coffee.
2-Ethyl-6-methylpyrazine
N
N CH3
H3C
Roast, sweet.
2-Ethyl-5-methylpyrazine
N
N
CH3
H3C
Nutty, roasted.
aReferences: [5–7].
level of free amino acid and reducing sugar, limiting their
participation in the Maillard reaction. However, Wilker et
al. [15] observed that pure polyphenols, specially gallic acid,
are able to promote the Maillard reaction. This fact was
explained by their ferric reducing capacity, inducing Fenton
reaction and glucose degradation cyclically. The effect was
less pronounced at high levels of polyphenols, which was
ascribed to the metal chelation activities of polymerized
polyphenols.
Natural products rich in antioxidants also showed differ-
ent effects, so in the case of grape skin and seed extracts a
complete inhibition of the pyrazines formationwas described
whereas, in contrast, rosemary seasoning enhanced the for-
mation of pyrazines [14].
A considerable amount of literature has been published
on the application of the electronic nose to assay the quality
of meat products [17] and, according to the review done
by Elmore [18], metal oxides sensors have been successfully
applied to study the aroma of different cooked meat products
and satisfactory correlations with sensory results which have
been obtained. From these facts, electronic nose could be
a suitable tool to study the odor modification of roasted
patties induced by the inhibition or promotion of pyrazine
formation.
Recently, new natural seasonings derived from wine
pomace have been successfully applied to different food
matrices, including beef patties [19]. The seasonings were
characterized in terms of main chemical composition, min-
eral, phenolic composition, radical scavenging, and ferric
reducing activities [20, 21]. Then, considering the future
applications of these seasonings in meat product recipes, the
aim of this study was to evaluate the effect of one of these
seasonings on the formation of pyrazines in barbecued beef
patties. The seasoning used in the present study was chosen
due to its intense antioxidant and preservatives properties.
2. Material and Methods
2.1. Materials. Beef meat and salt were purchased in a special
grocery wholesale store placed in Burgos (Gros Mercat,
Burgos, Spain), and a commercially available mixture of
phosphates and starch were provided by Doscadesa (Murcia,
Spain).The seasoning derived from redwine pomace (RWPS)
was made in the pilot plant of the Food Technology Area
(University of Burgos) according to the patented process [22].
2.2. Preparation and Cooking of Samples. Beef patties were
prepared according to the process described by Garcia-
Lomillo et al. [19]. Briefly, control patties were prepared from
beef meat that was minced and mixed with 1.2% of starch,
0.3% of phosphates, and 1.5% salt previously dissolved in 5%
of water. After mixing, balls of 100 g of mixed meat were
gently handmade and flatten into one cm thick patties. RWPS
patties were made similarly but 2% of the studied seasoning
was added during mixing process. The pH of raw patties was
assessed using a Crison 2001 pH meter (Crison, Barcelona,
Spain).
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Figure 1: Scheme of sampling preparation.
Patties were cooked in a charcoal barbecue, where racks
were positioned at 8 cm of distance from the heat source,
where temperatures reached 200 ± 3∘C. Samples were turned
once during grilling at half of the total cooking time (7 min-
utes). After cooking, patties were immediately cooled, and
four patties were preserved to pyrazine analysis (Figure 1).
The assay was carried by duplicate, so two different
mixings were made for each type of patty.
2.3. Determination of Pyrazine Contents. Levels of pyrazines
were measured directly on ground cooked patties. A third
part of four different cooked patties were ground together
to obtain a homogeneous mixture of them (Figure 1). Then,
two grams of each mixture (control and RWPS patties)
was transferred to 10mL headspace glass vials (Thermo
Scientific Chromacol, Barcelona, Spain). Immediately,
5 𝜇L of a cyclopentanone : dichloromethane (1 : 9) solution
was added and vials were immediately sealed using a metallic
cap with chlorobutyl/PTFE seal (Thermo Scientific Chro-
macol). Cyclopentanone is added as internal standard for
gas chromatography-mass spectrometry (GC-MS) analysis.
Five vials for each type of patties were prepared. After sealing,
vials were analyzed as soon as possible, and they were kept at
4∘C until analysis. The experiment was repeated with the two
different beef meat batches.
Pyrazines were analyzed using a solid-phase dynamic
extraction (SPDE) equipment (Bender and Hobein, Zurich,
Switzerland) and according to the method developed by
Corcuera Tecedor [23]. The extractions were conducted with
a previously preconditioned PDMS/AC (90% polydimethyl-
siloxane and 10% activated carbon) fiber at 55∘C. After 50
strokes, the fiber was transferred to the injection port of a
GC-MS equipment (Agilent Technologies 6890N). Volatile
compounds were thermally desorbed from the fiber in the
injection port at 250∘C and using helium as carrier gas.
The separation was conducted in 007-WAX capillary column
(Quadrex Corporation, New Haven, USA) (60m length,
0.32mm inside diameter, and 1 𝜇m film thickness). Com-
pounds were identified by comparison to the mass spectra
of the Wiley 7th and NIST 98 libraries. Standard calibra-
tion curves were conducted for quantitative determination.
According to the author, calibration curves showed good
linearity, repeatability, and recoveries (𝑅2 > 0.99; RSD <
10% and >95%, resp.) [23]. Moreover, the odor units and the
relative odor units were calculated for each pyrazine and each
batch according to (1) as described by Lawless and Heymann
[24]:
Odor Unitsa =
Concentration
𝑎
Threshold
𝑎
,
Relative Odor Units
𝑎
= (
Odor Unitsa
∑Odor Units
) ∗ 100.
(1)
2.4. Odor Profile Analyzed by Electronic Nose. Odor profile
was also measured directly on grounded cooked patties.
After grounding together a third part of each patties, two
grams of the grounded mixture was placed in vials, similarly
to the described GC-MS analysis, although in this case
cyclopentanone was not added.
To determine the odor profile of each type of patties, vials
were incubated during 10 minutes at 55∘C with an autosam-
pler HS100 CTC-Combi-Pal (CTC Analytics AG, Zwingen,
Switzerland).Then, a volume of the headspace was injected in
a 𝛼-FOX 4000 electronic nose (AlfaMOS, Toulouse, France)
equipped with metal oxide sensors, and the sensor responses
were collected during two minutes. The resistance in each
sensor was assayed by the software AlphaSoft version 9.1 and
the response intensity was calculated as the decrease in the
resistance in each sensor (𝑅
0
− 𝑅) in relation to resistance at
time zero (𝑅
0
), according to
Response intensity =
(𝑅
0
− 𝑅)
𝑅
0
. (2)
The maximum response intensity was used to evaluate the
difference in the odor profile between samples with or
without seasoning. Samples were analyzed five times for each
type of patty and batch.
2.5. Statistical Analysis. Fisher’s least significant difference
(LSD) test (𝑝 value < 0.05) was performed using Statgraphics
Centurion XVI to identify significant differences between the
concentrations of each pyrazine of control and RWPS patties
and between the sensor responses obtained for each type of
patty. Statgraphics Centurion XVI was used to carry out the
statistical analysis.
3. Results and Discussion
3.1. Effect of the New Seasoning on the Formation of Pyrazines.
Different pyrazines, mainly the five indicated in Table 1, have
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Table 2: Concentration (mean ± SD) of five pyrazines (ppb) in barbecued beef patties without (control) and with red wine pomace seasoning
(RWPS)(a).
Pyrazines Threshold (ppb)
Control RWPS
Mean ± SD
(ppb)
Odor
units
Relative odor
unit (%)
Mean ± SD
(ppb)
Odor
units
Relative odor
unit (%)
2,3-Dimethylpyrazine 800 22 ± 2a 0.03 0.3 53 ± 4b 0.07 0.3
2,5-Dimethylpyrazine 80 201 ± 9a 2.5 26 394 ± 63b 4.9 24
2,6-Dimethylpyrazine 400 164 ± 19a 0.4 4 317 ± 9b 0.8 4
2-Ethyl-5-methylpyrazine 16 78 ± 6a 4.9 51 160 ± 15b 10.0 48
2-Ethyl-6-methylpyrazine 40 70 ± 4a 1.8 19 201 ± 19b 5.0 24
Sum of pyrazines 535 ± 40a 9.6 1123 ± 120b 20.8
(a)Different letters (a-b) denote significant differences (LSD test and 𝑝 < 0.05) between samples. Values are means ± standard deviation of four replicate
determinations in two different batches (𝑛 = 10; 2 batches × 5 replicates by sample).
been previously described in diverse cookedmeat products [1,
25].These five commonly described pyrazines were identified
and successfully quantified in both control and RWPS patties
(Table 2).The global level of dimethyl pyrazines (around 72%)
was higher than ethyl-methyl pyrazines. Two of the three
identified dimethyl pyrazines (2,5-dimethylpyrazine and 2,6-
dimethylpyrazine) showed the highest levels, while the third
(2,3-dimethylpyrazine) showed the lowest level, in both types
of patties.These observations are in agreement with previous
studies that indicate the high prevalence of 2,5- and 2,6-
dimethylpyrazine [1, 25].
The use of the new seasoning significantly enhanced the
formation of the five identified pyrazines (Table 2). The sum
of all pyrazines was 2.1 times higher in RWPS patties than in
control patties. Dimethyl pyrazines increased around 2 times
and ethyl-methyl pyrazines increased around 2.5 times. The
highest increase was observed in 2-ethyl-6-methylpyrazine,
whose concentration was almost 3 times higher in RWPS
patties than in control patties.
Generally, the formation of pyrazines is desired in the
food processing since it improves the overall sensory prefer-
encewith low risk of unpleasant attributes caused by excessive
pyrazine formation [4, 5, 26]. According to the direct corre-
lation of pyrazines with the “roasted” flavor, which is highly
appreciated for consumers [26], it seems possible to assert
that the new seasoning produced an interesting enhancement
of roasted odor notes. This assertion is supported by the
detected levels of pyrazines as well as by the obtained values
of odor units for each pyrazine (Table 2).
It is accepted that volatile compounds are perceived when
their concentrations are superior to their threshold or in other
words when the odor units are equal or superior to 1. Then,
at least three of the five pyrazines analyzed showed enough
concentration to be perceived. Dimethyl pyrazines have
higher threshold than ethyl-methyl pyrazines and for that
reason, although they were predominant in concentration
(72%), they had minor contribution to the global odor units
(around 30%). According to the low threshold value of 2-
ethyl-5-methylpyrazine, it showed the major potential to
contribute to roasted odor note, which was associated with
the highest odor unit in both samples (4.9 and 10.0 in
control and RWPS patties, resp.) (Table 2). Furthermore, 2-
ethyl-5-methylpyrazine presented the highest relative odor
unit, approximately 50%, in both types of patties (Table 2),
suggesting its major role in the “roasted” odor notes.
It is interesting to point out that the odor intensity
was increased by the incorporation of the seasoning. Patties
elaborated with the seasoning showed higher values of odor
units than control patties (around 2.2 times higher), the odor
units of the ethyl-methyl pyrazines being those that presented
a more intense increase. So, the relative odor of these two
pyrazines was slightly higher in RPWS patties (72%) than in
control (70%).
Considering these facts and as a preliminary approxi-
mation of the possible sensory response, the “odor profile”
of patties was analyzed by an e-nose equipment formed by
18 metal oxides sensors. Data from seven (LY2/LG, LY2/G,
LY2/AA, LY2/Gh, LY2/gCTl, LY2/gCT, and P30/2) of 18
sensors were not included in the analysis, due to their low
responses (response intensity lower than 0.05).
Results obtained with e-nose equipment corroborated
the previous results obtained in the pyrazine analysis, which
indicate the stronger roasted flavor of the patties made with
the seasoning. In evaluated 11 sensors, patties with RWPS
showed significantly higher response intensities than control
(Figure 1).These observations agree with the results obtained
by Gardner et al. [27], who also observed an increase in the
sensor response with increasing roasting times in coffees.
The highest differences were observed in sensors P30/1 and
PA/2. Interestingly, this type of sensors has been previously
linked to the roasted odor of different food products [27,
28]. Furthermore, P30/1 was also successfully applied to
discriminate different coffees according to their roasting
degree [29]. According to the higher sensor responses, the
global area of the “odor profile,” which can be considered
as an index of the global odor intensity, was clearly higher
(around 1.6 times) in the case of RWPS patties (Figure 2).
3.2. Possible Mechanisms Explaining the Pyrazine-Promoting
Effect. The formation of pyrazines is governed by Maillard-
type reactions that take place in processes at high temper-
atures. The main route of pyrazine formation is the con-
densation of Strecker aldehydes, which usually proceed from
Strecker degradation. Chemically, the Strecker degradation is
a decarboxylation of 𝛼-dicarbonyls, which usually proceed
from sugars [2], although new sources of 𝛼-dicarbonyls
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Figure 2: Odor profile of the two different batches of beef patties barbecued without (control) or with red wine pomace seasoning (RPWS),
evaluated by the response intensity ((𝑅
0
− 𝑅)/𝑅
0
) of 11 sensors from an 𝛼-FOX electronic nose.
as quinones derived from polyphenols have recently been
described [16]. Natural antioxidants, such as polyphenols,
have been shown to promote Maillard-type reactions [15,
16], although previous studies also reported lower levels of
pyrazines and roasted flavor in coffees with higher polyphe-
nolic contents [13].
According to the seasoning composition and properties
[20, 21] several factors, such as minerals, pH modifications,
and polyphenol contents, could contribute to the pyrazine-
promoting effect exerted by the seasoning. Among them,
the polyphenol seems to be the main factor. Relatively slight
modifications between the composition of control and RWPS
patties were observed (data not shown). Ash content was
similar in both types of patties, and no significant differences
between metal levels were detected. The incorporation of
RWPS reduced notably the values of pH (from 5.89 to
5.45); however stronger pH reductions (from 7 to 5) did
not affect Maillard reaction [15]. The level of total polyphe-
nols was the parameter most intensively modified by the
seasoning incorporation. RWPS patties showed Folin index
values around twice higher than control samples (data not
showed). This difference was directly correlated to the high
polyphenol content of RPWS (24.4mg/g expressed as gallic
acid equivalents) [20]. Consequently, polyphenols are the
most probable cause of the observed increase in the pyrazine
levels of RWPS patties.
The capacity of polyphenols to promote the forma-
tion of 𝛼-dicarbonyls derived from carbohydrates has been
associated with their high capacity to reduce metals [15].
Interestingly, carbohydrates derived in 𝛼-dicarbonyls only in
model solution containing metals. This fact pointed out the
role of metals in the propyrazine activity of polyphenols [15].
Extending this observation to patties, it is assumable that
reduced metals, mainly iron, may cyclically participate in
the Fenton reaction, generating hydroxyl radicals (Figure 3).
These radicals are able to accelerate hexose degradation and
continuously form 𝛼-dicarbonyls, which participate in the
Strecker degradation of amino acids and subsequently in
the formation of pyrazines. This assumption is supported by
the strong ferric reducing capacity showed by the seasoning
(FRAP assay values of 275𝜇mol Fe(II)/g product) [21].
In addition to the promoting effect on carbohydrate
degradation, polyphenols, in their quinone state, can also
participate in the Strecker degradation of amino acids. As
a result, new Strecker aldehydes are formed, which may
undergo further condensation (Figure 3) and contribute to
the pyrazine formation [16].
Physical aspects of the matrix may also explain the high
levels of pyrazines detected in samples with RWPS, since
protein plays a key role in the release of volatiles frommatrix
to headspace [12]. RWPS was reported to interact with beef
proteins [19], which may promote the release of volatiles
from matrix to headspace. In this sense, RWPS could imitate
the effect produced by salt that also enhances the release of
volatiles from matrix [12].
4. Conclusion
The new seasoning enhanced the formation of pyrazines in
the cooking process of beef patties. Although the mechanism
and the specific agents responsible for the observed results
remain unknown, it is possible to assert that RWPS is able
to promote the formation of pyrazines, contributing to an
adequate odor profile of patties and increase the intensity
of the odor evaluated by electronic nose. Interestingly, the
new seasoning may enable the use of less intense cooking
conditions without affecting the “roast” flavor of the final
product, using only natural additives.
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Figure 3: Reaction pathways proposed to explain the higher formation of pyrazines exerted by polyphenols of the studied seasoning. Adapted
from [2, 15, 16].
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